We study a holomorphic effective potential W ef f (Φ) in chiral superfield model defined in terms of arbitrary kählerian potential K(Φ, Φ) and arbitrary chiral potential W (Φ). Such a model naturally arises as an ingredient of low-energy limit of superstring theory and it is called here the general chiral superfield model. Generic procedure for calculating the chiral loop corrections to effective action is developed. We find lower two-loop chiral correction in the form W 
We consider N = 1 supersymmetric field theory with action
where Φ(z) andΦ(z) are chiral and antichiral superfields respectively. As well known, the real function K(Φ, Φ) is called kählerian potential and holomorphic function W (Φ) is called chiral potential [9] . The partial cases of the theory (1) are Wess-Zumino model with K(Φ, Φ) = ΦΦ, W (Φ) ∼ Φ 3 and N = 1 supersymmetric four-dimensional sigmamodel with W (Φ) = 0. The action (1) is a most general one constructed from chiral and antichiral superfields which does not contain the higher derivatives at component level. Therefore it is natural to call the theory (1) a general chiral superfield model. In this letter we are going to calculate the lowest quantum corrections to chiral potential W (Φ) in the model under consideration.
Let 
Here dots mean terms depending on covariant derivatives of superfields Φ,Φ. Here
ef f is a n-th correction to kahlerian potential and W (n) ef f is a n-th correcton to chiral or holomorphic potential W . To consider the effective lagrangians L ef f and L (c) ef f we consider the path integral representation of the effective action [9, 10] exp
Here Φ,Φ are the background superfields and φ,φ are the quantum ones. 
and hence, to get loop expansion for the effective lagrangians L ef f and L (c) ef f
To find loop corrections Γ (n) [Φ, Φ] in explicit form we expand right-hand side of eq. (4) in power series in quantum superfields φ,φ. As usual, the quadratic part of expansion of
defines the propagators and the higher terms of expansion define the vertices. Here
The theory under consideration is characterized by matrix superpropagator G
Equation of motion for this propagator is obtained from action S 2 (6) in the form
Here the arrows mean that the corresponding operators act on all function at the right side, and
) are chiral and antichiral delta functions respectively. The signs + and − at the matrix elements of G(z 1 , z 2 ) denote that this matrix element is chiral (+) or antichiral (−) in corresponding argument. It is evident the superpropagator (7) depends on background superfields Φ,Φ. Since we are going to obtain the quantum corrections to holomorphic potential we can putΦ = 0 in eq. (8) .
Let us consider a general procedure of calculating the holomorphic effective potential W ef f (Φ). The mechanism of arising the chiral corrections to effective action looks as follows. According to non-renormalization theorem (see f.e. [9] ) all loop corrections to effective action can be expressed in form of integral over full superspace. However, it was pointed by West [7] that non-renormalization theorem does not forbid an existence of the finite chiral corrections to the effective action. The matter is the theories with chiral superfields admit the loop corrections of the form
where f (Φ), g(Φ) are some functions of chiral superfield Φ. We note that eq. (9) shows the superfield Φ is not a constant and if we are going to use eq. (9) we should keep all terms with covariant derivatives in eq. (8) .
It is easy to understand why the chiral corrections can arise only for massless theories. Te factor 2 −1 in (9) can originate only from massless propagators. In massive cases the propagators looks like (2 − m 2 ) −1 and the left-hand side of eq.(9) will have the following form
instead of (9) . After transformation to integral over chiral subspace and using Fourier transformation one gets
Since we are going to obtain just potential we should consider the superfields slowly varying in space-time. It means we take the limit p 2 → 0. It is evident that expression (11) vanishes at m 2 = 0, p 2 → 0. Therefore non-trivial chiral corrections can arise only in massless theory.
To find chiral corrections to effective action we putΦ = 0 in eqs. (4, 5, 7) . Therefore here and further all derivatives of K, W andW will be taken atΦ = 0. Under this condition the action of quantum superfields φ,φ in external superfield Φ looks like
The dots here denote the terms of third, fourth and higher orders in quantum superfields. We call the theory massless if W ′′ | Φ=0 = 0. Further we consider only massless theory. To calculate the corrections to W (Φ) we use supergraph technique (see f.e. [9] ). For this purpose one splits the action (12) into sum of free part and vertices of interaction. As a free part we take the action
The corresponding superpropagator is
And the term S[φ, φ, Φ] − S 0 will be treated as vertices where S[φ, φ, Φ] is given by eq. (10). Our purpose is to find first leading contribution to W ef f (Φ). As we will show, chiral loop contributions are began with two loops. Therefore we keep in eq. (10) only the terms of second, third and fourth orders in quantum fields. According to (improved) supergraph technique [12] (see also [9] ) it is convenient to associate all possible D-factors in diagrams with propagators but not with vertices and transform all contributions in the form with a single integral over Grassmannian coordinates. Since the action (10) contains the pure chiral vertices we should use one of factors D 2 or D 2 in the propagators to transform the integrals over chiral subspace into the integrals over full superspace. As a result one of propagators associated with each such a vertex contains one factorD 2 or D 2 less (see [9] for details). The possible vertices contributing to one-and two-loop corrections have the structure
There should be also the vertices conjugate to ones (12) . To clarify which vertices actually contribute to chiral quantum corrections we carry out a dimensional analysis of the supergraphs in one-and two-loop approximations. To be more precise we find full mass dimension of the supergraphs depending on number of vertices, propagators and loop integrations in the diagram.
Each propagator of the form (13) contributes 0 since dimension of D α ,Dα is equal to 1/2, and that one of ∂ m is equal to 1.
Each loop includes integration over momenta with contribution to dimension equal to 4. Then, each contraction of a loop into a point in θ-space by the rule δ 12 D (9) is converted to the form of an integral over chiral subspace. Hence total dimension of the supergraph is increased by 1.
Therefore contribution of each diagram has the dimension equal to 2L + 1 − n W ′′ − n Vc where L is a number of loops, n W ′′ is a number of vertices W ′′ , n Vc is a number of vertices proportional to third and higher derivatives of W ,W . By definition effective potential is an effective lagrangian in limit p 2 → 0. Therefore non-trivial correction to holomorphic effective potential can arise only at
Otherwise the contribution from diagram can either vanish or be singular in infrared limit. We note that vertices proportional to derivatives from K(Φ, Φ) do not contribute to dimension. After each pairD 2 D 2 is transformed to square of internal momentum by the rulē
2 one factor D 2 should rest to be converted to square of external momentum after transformation of the expression (9) to the form of integral over chiral subspace. Therefore diagram contributes to holomorphic effective potential if and only if the number of D 2 -factors is more by one than the number ofD 2 's after transformation of all vertices to the form of integrals over full superspace.
It is easy to see that one of two factorsD 2 associated with the vertex proportional to K ΦΦ can be transported to external line only. Since all derivatives of K and W are considered atΦ = 0 the acting ofD 2 to the external line K ΦΦ leads to zero. Hence vertices proportional to K ΦΦ do not contribute to holomorphic effective potential. Now let us consider different one-loop and two-loop diagrams. In one-loop approximation n W ′′ + n Vc = 3 because of (15). However, for one-loop supergraphs V c = 0, therefore n W ′′ = 3. Since each of external vertices W ′′ corresponds toD 2 , and number of D 2 -factors must be more by one than number ofD 2 -factors, possible diagram should contain two vertices proportional to KΦΦ. However, straightforward constructing shows that the oneloop diagram of such a type should contain a line proportional toD δ 12 = 0. Therefore contribution of this supergraph is equal to zero, and one-loop correction to holomorphic effective potential is absent at all, W
(1) (Φ) = 0. In two-loop approximation one gets the condition n W ′′ + n Vc = 5 because of (15). Since the number of purely chiral (antichiral) vertices independent of W ′′ in two-loop supergraphs can be equal to 0, 1 or 2, number of external vertices W ′′ takes values from 3 to 5.
It is well known that there are two types of two-loop one-particle-irreducible diagrams (see Figs. 1a, 1b) .
F ig.1a F ig.1b However, to consider contributions from diagrams of these types we must take into account that they can include all vertices described in (14). It was mentioned already that each vertex proportional to W ′′ corresponds to one factorD 2 , and each chiral (antichiral) vertex proportional to φ n (φ n ) corresponds to n − 1 factorsD 2 (D 2 ) 1 . Each vertex proportional to φ mφn corresponds to m factorsD 2 and n factors D 2 . We note that non-trivial contribution to holomorphic effective potential from any diagram can arise only if number of D 2 -factors is more by one than the number ofD 2 -factors.
The only Green function in the theory is a propagator < φφ >. Therefore total number of quantum chiral superfields φ corresponding to all vertices must be equal to that one of antichiral onesφ. Now we turn directly to studying of supergraphs given in Figs. 1a, 1b. First let us consider diagrams of the form Fig.1a . The only vertex of fourth order in quantum superfields has the form φ lφ4−l where l is a some integer taking values from 0 to 4. Each vertex proportional to W ′′ corresponds to two φ and each one proportional to KΦΦ corresponds to twoφ. Then, vertex proportional to K ΦΦ − 1 corresponds to one φ and onē φ. Therefore total number of chiral quantum superfields φ in vertices leading to such a diagram is equal to l + 2n W ′′ + n K ΦΦ and that one of antichiral quantum superfieldsφ -to 4 − l + 2n KΦΦ + n K ΦΦ , where n W ′′ , n K ΦΦ and n KΦΦ -are numbers of vertices proportional to W ′′ , K ΦΦ − 1 and KΦΦ respectively. Since numbers of quantum superfields φ andφ corresponding to all vertices must be equal we conclude that l + 2n W ′′ = 4 − l + 2n KΦΦ . Hence n KΦΦ = n W ′′ + l − 2. Then, let us find number of factors D 2 andD 2 in such a diagram. The vertex proportional to φ lφ4−l corresponds to l factorsD 2 and 4 − l factors D 2 . However, if l = 0 or l = 4, number of factors D 2 (respectivelyD 2 ) must be reduced by one because transformation of the expression corresponding to such a vertex to the form of integration over total superspace by the rule
Therefore the vertex of fourth order in quantum superfields corresponds to l − N VD 2 -factors and 4 − l − NV D 2 -factors where N V and NV are numbers of purely chiral and antichiral vertices of third and higher orders in quantum superfields (N V and NV can be equal to 0 or 1 for such a supergraph). Besides, each vertex proportional to KΦΦ corresponds to two D 2 -factors, and that one proportional to W ′′ -to oneD 2 -factor. As a result, total number of D 2 -factors is equal to 2n KΦΦ + 4 − l − NV + n K ΦΦ , and that one ofD 2 -factors -to n W ′′ + l − N V + n K ΦΦ . We again note that the contribution to holomorphic effective potential can arise if and only if total number of D 2 -factors is more by one than number ofD 2 -factors. Then, n KΦΦ = n W ′′ + l − 2 (see above). Therefore necessary correlation between numbers of D 2 - andD 2 -factors is satisfied if n W ′′ + N V − NV = 1. However, we proved that non-trivial holomorphic effective potential can arise if n W ′′ is equal to 3, 4 or 5. And N V and NV can be equal to 0 or 1 for supergraphs of such a type. Therefore relation n W ′′ − N V + NV = 1 is not satisfied and diagrams of the type given in Fig.1a do not contribute to holomorphic effective potential. Now we turn to studying of diagrams of the type written in Fig.1b . These supergraphs contain two vertices which have the form φ l 1φ 3−l 1 and φ l 2φ 3−l 2 respectively. The l 1 , l 2 are integer, they can take values 0,1,2,3. In analogy with the previous case, it can be shown that the total number of chiral quantum superfields φ in vertices leading such a diagram is equal to l 1 + l 2 + 2n W ′′ + n K ΦΦ , and total number of antichiral quantum superfields φ -to 4 − l + 2n KΦΦ + n K ΦΦ . Since these two numbers must be equal (see above) we conclude that n KΦΦ = n W ′′ + l 1 + l 2 − 3. Further, number of D 2 -factors is equal to 2n KΦΦ +6−l 1 −l 2 −NV +n K ΦΦ , and the number ofD 2 -factors -to n W ′′ +l 1 +l 2 −N V +n K ΦΦ . As usual, any diagram can contribute to holomorphic effective potential if number of D 2 -factors is more by one than number ofD 2 -factors. Since n KΦΦ = n W ′′ +l 1 +l 2 −3 non-trivial contribution to holomorphic effective potential can arise if n W ′′ + N V − NV = 1. This condition is satisfied only if n W ′′ = 3, N V = 0, NV = 2. Therefore both vertices of third order in quantum superfields have the formW ′′′φ 3 , and n KΦΦ = 0. We note that there is no any restrictions for the number of vertices proportional to K ΦΦ − 1. The possible supergraph satisfying these conditions includes three external vertices W ′′ and two antichiral vertices of the formW ′′′φ 3 . There is the only diagram of such a form (see Fig.3 ). Now let us turn straightforward calculation of two-loop correction to holomorphic effective potential. We have shown that supergraphs contributing to this potential can contain only vertices proportional to W ′′ ,W ′′′ , K ΦΦ − 1. It means it is sufficient to consider the theory with the action
We find the propagator of quantum superfield φ corresponding to quadratic action S 0 = d 8 zK ΦΦ φφ. It can be represented in the form of expansion in vertices K ΦΦ − 1 which has the form (Fig.2 )
F ig.2 Bold line in this supergraph denotes the propagator corresponding to quadratic action (16), and thin one is standard superpropagator (13). Dashed-and-dotted line means the external superfield K ΦΦ − 1.
After summarization of the chain written in Fig.2 the propagator depending on background superfields looks like
We note that the superfield K ΦΦ is not constant here.
Since superfields in the case under consideration are slowly varying in space-time we can put W ′′
